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Abstract: Numerous tools and techniques have been developed to eliminate or reduce waste and carry out lean concepts in the 
manufacturing environment. However, appropriate lean tools need to be selected and implemented in order to fulfil the manufacturer needs 
within their budgetary constraints. As a result, it is important to identify manufacturer needs and implement only those tools, which 
contribute maximum benefit to their needs. In this research a mathematical model is proposed for maximising the perceived value of 
manufacturer needs and developed a step-by-step methodology to select best performance metrics along with appropriate lean strategies 
within the budgetary constraints. With the help of a case study, the proposed model and method have been demonstrated. 
Key words: Lean manufacturing, manufacturing performance metrics, lean strategies, decision making, and optimization. 
1 INTRODUCTION 
In today‘s competitive market, manufacturing firms are facing 
significant pressure due to customer‘s expectation about product 
quality, demand responsiveness, reducing cost and product variety. 
To meet with such expectations the production industry is focusing 
on modern manufacturing strategies. The content of the 
manufacturing-strategy are composed of two core elements (Miller 
& Roth, 1994; Swink & Way, 1995), i.e., the ―manufacturing-task 
strategy‖ and the ―manufacturing-choice strategy‖. The first 
element concerns the competitive capability that the manufacturing 
firm must accomplish in order to compete successfully on its 
business or marketing environment (Leung, 2002). On the other 
hand, the manufacturing-choice strategy represents the appropriate 
selections of the technologies and management practices to 
compose the manufacturing system. 
To determine an appropriate manufacturing-strategy, researchers 
have different opinions. At times before the eighty‘s, when the 
manufacturing was simply treated as a functional unit providing the 
production and assembly services, the determination of 
manufacturing-strategy was a straight forward decision. 
Wheelwright and Hayes (1985), and most scholars from the 
Harvard Business School in those days, believed that a suitable 
manufacturing was determined by the desired production volume; 
as for example manufacturing firms producing high-volume 
commodities, should be focused on ―dependability‖ and ―cost‖. 
Since the mid-ninety‘s, a different paradigm has emerged. It was 
believed that manufacturing firms had to change their 
manufacturing strategies along the path of the manufacturing-
competitiveness growth (Teece, 2009; Ferdows & De Meyer, 
1990). 
Lean manufacturing is a multi-dimensional approach that 
encompasses a wide range of management practices, including 
just-in-time, total quality management (TQM), work teams, 
cellular manufacturing, suppliers involvement, etc. in an integrated 
system. The main driving force of lean production is that these 
practices can work synergistically to create a systematized, high 
quality system that fulfils the demands of the customers at the 
required pace (Shah & Ward, 2003). However, many researchers 
(Taj & Berro, 2006; Comm & Mathaisel, 2000; Shah & Ward, 
2007; Rivera & Frank Chen, 2007) have discussed the idea of lean 
manufacturing and its components, and its benefits at 
manufacturing organizations, but few attempts have been made to 
select the appropriate lean tools considering its implementation 
costs and manufacturer necessities within their budgetary 
limitations. 
Implementation of lean strategies is always done to make the 
manufacturing process lean. However, it often brings one or more 
undesired situations as follows: 
 Need to commit implementation cost 
 Increase in piece price 
 Investment in manufacturing and assembly facilities 
 Changed maintenance and increased cost of part 
management 
 Increased risk to quality 
At present, theoretical principles which can used to determine the 
appropriate selections of manufacturing technologies and practices 
is still absent (Leung, 2002). A practical method is to rely on the 
practitioners‘ common sense of judgement rather than any sets of 
comprehensible rationale. As practitioners‘ seeking the advice for 
their investment may desire certain theoretical ground to assure 
that their investment decisions are logically sound (Wacker, 1998), 
it is necessary to develop a methodology to select appropriate lean 
strategies along with manufacturer focus of improvement areas 
within the cost constraints. In order to maximize the manufacturer 
benefits by implementing lean strategies but minimising the cost of 
implementation, a systematic methodology needs to be developed. 
Therefore, this research provided a mathematical model for 
optimizing the cost of lean implementation and provided a step-by-
step methodology to capture the most value-added manufacturer 
requirements along with appropriate lean strategies. 
The rest of the paper is structured as follows: Section 2 provides a 
mathematical model for maximising manufacturer performance 
value by implementing lean strategies; Section 3 presents a step-
by-step methodology for strategy selection. Section 4 provides the 
result and discussion. Limitations and extensions of this work 
round out the paper. 
2 MATHEMATICAL MODEL: MAXIMIZING 
VALUE OF LEAN IMPLEMENTATION 
2.1 Assumptions: 
We made following assumptions in this formulation: 
 Each lean strategy considers as an individual module; there 
is no inter-dependency within the module. 
 A strategy is selected for implementation and has maximum 
influence on the manufacturing performance (1); otherwise (0). 
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 Cost of each strategy implementation considers once though 
it has influence on several performance improvement. 
2.2 Perceived Value Index 
In this study, the objective of implementing new technique in a 
system is to reduce waste and increase the productivity of that 
system hence makes it more efficient. When a change in a system 
is not contributing in one of the objectives, then it is a non-value 
added attempt and it should not be pursued further. In this study, 
system refers to manufacturing process. Therefore, the objective of 
implementing lean strategy in a manufacturing process is to 
eliminate or reduce waste as well as increase productivity. In this 
research, following two factors are considered to accomplish the 
above objectives: 
 Maximize the perceived value of the manufacturer 
productivity metrics by implementation of lean strategies. 
 Minimize the cost of lean implementation. 
Hence, we need to select those lean strategies, which give 
maximum perceived value of productivity metrics to the 
manufacturer but at the minimum cost. Moreover, it is assumed 
that all the changes are persuaded to bring in leanness to the 
existing process or to reduce manufacturing cost.  
If    is the implemented lean strategy to improve the productivity 
hence contributed in perceived performance value   . 
Therefore, increase in perceived value index can be expressed as: 
∑     
 
                    ( )  
If two strategies are inter-dependent and each tool has influence on 
others then the extra change in performance metrics can be 
expressed as; 
∑ ∑   
 
   
 
            ( )  
Therefore, total change in perceived value can be expressed as; 
 ∑      ∑ ∑   
 
   
 
   
 
       ( )  
In this case,    is a binary representation of lean implementation, 
and is one if the ith lean strategy is implemented and zero if it is 
not implemented. When the ith lean strategy implements, it 
contributes    towards the manufacturer perceived value. When i
th 
and jth strategies are coupled together in such a way that 
implementation of ith strategy forces a change in jth strategy hence 
resulting    towards the manufacturing perceived value due to   . 
These forced changes are assumed to be most often negative due to 
increased cost and increased quality risk. Let us assume that, the 
production system is composed of n number of strategies and each 
strategy contributes in overall perceived value of the 
manufacturing environment. In order to implement the required 
tools to increase the performance value, four major types of 
resources are required such as engineering, investment, variable, 
and warranty cost. In our study, engineering and investment costs 
are considered. In the next section, costs of lean implementation 
are described. 
2.3 Lean Implementation Cost 
Resources are necessary to implement any new tools or techniques 
in an existing system. Therefore, implementation of each selected 
Lean Manufacturing initiative will require a budget for detailed 
design, personnel training, development of support technologies, as 
well as total system maintenance and upkeep. For example, 
implementation of a Lean Manufacturing Information Flow 
Management System requires certain expenditures for design 
configuration of the system, training of all users, and purchase of 
hardware and software. In this research, rough budget estimate 
(Engineering and Investment) for implementation of each selected 
initiative are calculated based on the size of the company, 
manufacturing sub-category, scale of manufacturing operations, 
complexity of manufacturing operations, geographical region, and 
extent of lean implementation (basic, moderate or comprehensive). 
2.3.1 Engineering cost 
Engineering cost consists of operating cost, maintenance cost, and 
labour cost. Operating cost includes material handing cost, 
consumables cost (bins, waste cloth), and cost of product loss due 
to break down etc. Material handling costs considered the cost of 
equipment necessary to move products from one operation to the 
next and the time it takes. Maintenance cost includes the cost of 
preventive maintenance and the cost of unscheduled repairs. 
Without true labour costs, there is no visibility into the real cost of 
the products. It is the expenditure made on the salaries, wages, 
overtime, bonuses, and contributions made for welfare of the 
employees. Therefore, total engineering cost of lean initiative 
implementation depends on the complexity of the lean initiatives 
and the level of implementation such as basic, moderate or 
comprehensive. 
If    is the lean initiative for improvement of manufacturing 
performance and     is the required engineering cost of i
th lean tool 
implementation; then cost of intended change of the existing 
system; 
∑      
 
    ( )  
If one lean tool implementation causes forced changes to the others 
then the amount of extra cost incurred can be expressed as; 
∑ ∑        
 
 
 
      ( )  
Therefore, Total engineering cost index of the implementation of a 
lean initiative = cost of intended change + cost of forced change 
∑       ∑ ∑   
 
   
 
    
 
     ( )  
 The objective in this analysis is to maximise the perceived value 
within the limited cost. 
2.3.2 Investment cost 
Investment cost includes capital cost, cost of equipment, cost of 
tools, cost of accessories, and cost of fixtures. Investment cost of 
change depends on the complexity of the tooling required to 
implement lean initiatives and the level of change in the existing 
system. As lean initiatives are implemented, tooling investment is 
required to upgrade the current production and assembly plants. 
If    is the lean initiative for improvement of manufacturing 
performance and     is the tooling cost for the i
th initiative; then 
cost of intended change of the existing system can be expressed as; 
∑      
 
    ( )  
Therefore, the total investment cost of the change can be calculated 
as; 
Total investment cost index = cost of intended change + cost of 
forced change 
Investment cost index of the lean initiative =  
∑       ∑ ∑   
 
   
 
    
 
           ( ) 
The objective in this analysis is to maximise the perceived value 
within the limited cost. 
2.3.3 Objective function 
Change in productivity performance value per unit cost 
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(9) 
 
In this case, f is the function of cost index to perceived value index. 
However, for a specific program, most of the time objective 
function is little simplified, since we would like to maximize the 
value for the manufacturer in a given set of budgetary constraints: 
Max: Manufacturer performance value by lean implementation; 
 ∑      ∑ ∑   
 
   
 
   
 
       (  )  
There is also a penalty associated if manufacturing systems are not 
changed in time and left behind in technology. Most often, it is 
more expensive and time-consuming to maintain the old 
technology than upgrading. Also to catch up with the technology 
and upgrade is more difficult and expensive and frequently 
reflected as a more expensive development cost for wider 
development cycles. 
2.3.4 Constraints 
Any new development program has some targets and budgetary 
constraints. These constraints are given by top management at the 
beginning of the program. Several major cost-based constraints are 
considered in this analysis: 
Engineering cost: 
∑       ∑ ∑   
 
   
 
    
 
                       (  )  
Investment cost: 
∑       ∑ ∑   
 
   
 
    
 
                     (  )  
3 APPROACH 
3.1 Case study 
A case study for selecting most important manufacturing 
performance metrics along with appropriate lean strategies in an 
industry is presented in this section. Company ‗A‘ wants to 
improve their overall productivity by implementing lean. The 
purpose is to reduce non value-added activities and improve the 
productivity by selecting appropriate lean strategies or tools within 
their budget. Here, overall productivity improvement is 
accumulation of improvement of several performance metrics. 
Some of these performance metrics are as follows: 
 Process throughput 
 Line efficiency 
 Information waiting time quotient 
 Total manufacturing lead time 
 Equipment and personal waiting time quotient 
 Processing time quotient 
 Scrap rate 
 Inventory level 
 Labour productivity 
 Capital productivity 
In this section, we will describe a step-by-step process to select the 
best performance metrics with appropriate lean initiative with the 
help of the proposed model (Fig. 01). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 01: Process flow diagram of finding optimum solution 
Step 1: Identify manufacturer needs and define manufacturer 
perceived value 
This research has defined 17 metrics as a set of performance 
measures for Lean Manufacturing into four categories such as 
Process Flow, Quality, Financial measures, and Productivity 
(Mejabi, 2003). We selected top 10 performance metrics 
(manufacturer desires) from overall performance metrics for 
analysis based on their average relative importance (Tab.01). 
Relative importance is given based on the manufacturer priority of 
improvement needed. For the simplicity, we mapped these 
numbers as increase in the perceived value index. 
Step 2: Establish relationship between manufacturer needs and lean 
initiatives 
Planning to improve manufacturing performance involves 
implementation of one or more Lean Manufacturing initiatives 
with the objective that each Lean Manufacturing initiative that is 
implemented will contribute performance improvement to a greater 
or lesser degree for each of the 17 Lean Manufacturing metrics 
(Tab. 01) (Mejabi, 2003; Shah & Ward, 2003). In this step, major 
lean initiatives are identified along with their influence on the 
performance metrics (Tab. 01). As listed in Tab.01, L1 to L20 
represent lean tools participating in the change to improvement 
process. In order to fulfill a single desire, several lean tools are 
needed to be implemented. As shown in relationship between lean 
initiative and performance metric (Tab. 01), lean initiative with 
Identify Manufacturer 
Needs 
Assign Weights to 
Manufacturer Needs 
Identify Alternatives 
Select One Alternative 
Optimize the changes for 
maximum perceived value 
Calculate Cost Index 
Engineering Cost 
Index 
Investment Cost Index 
Decisi
on 
Implement 
the 
decision 
Identify Lean Initiatives 
involved in the Changes 
Y 
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column value one indicates that tool needs to implement for 
improving that performance parameter, whereas zero means that 
tool doses not participate in that improvement process. In this 
study, we also made an assumption that each lean initiative is an 
individual module hence implementation of one lean initiative is 
not forced to change in others. 
TABLE 01: Manufacturer desire and Lean initiatives matrix 
Participating Lean Initiatives 
Manufacturer Desire 
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Relative Importance by Manufacturer-->  9 8 7 6 6 5 4 5 5 8 
Change required in lean initiatives if   is selected ->                                 
Requirement selected if 1, 0 if not selected  1 1 1 1 1 1 1 1 1 1 
Streamlined Flow    1 1 0 1 0 1 0 0 0 0 
Single-piece flow    1 0 0 1 0 1 0 0 0 0 
Basic Lean    0 0 1 0 0 0 1 0 1 0 
Manufacturing Cells    0 1 0 0 0 1 0 0 0 1 
Total Productive Maintenance    1 1 0 0 1 0 0 0 0 0 
Total quality management    0 0 0 0 1 0 1 0 0 0 
Line balancing    1 1 0 0 0 0 0 0 1 1 
Pull system/Kanban    0 0 0 0 0 0 0 1 0 0 
Re- engineered production process    1 0 0 1 0 1 0 0 0 0 
Visual Status Displays     0 1 0 0 0 0 0 0 1 0 
Skills Training Matrix     0 0 0 0 0 0 1 0 1 0 
Self Directed Work Teams     0 0 0 0 0 0 1 0 0 0 
Information Flow Management System     0 0 1 0 0 0 0 0 0 0 
Quick Changeover     0 0 1 1 0 1 0 0 0 0 
Bottleneck removal     0 1 0 1 0 0 0 0 0 1 
New process or equipment technologies     1 0 0 0 1 0 0 0 0 1 
Inventory Management system     0 0 0 0 0 1 0 1 0 0 
Use of EDI with suppliers     0 0 1 1 0 1 0 0 0 0 
Statistical process control (SPC)     0 0 0 1 0 0 1 0 0 0 
Safety-improvement programs     0 0 0 0 0 0 0 0 1 0 
TABLE 02: Lean implementation cost 
Lean Initiatives Level of Implementation Cost of Implementation 
 Basic Moderate Comprehensive Engineering 
Cost 
Investment Cost 
Streamlined Flow     4 3 
Single-piece flow     3 0 
Basic Lean     3 0 
Manufacturing Cells     5 4 
Total Productive Maintenance     5 5 
Total quality management     6 4 
Line balancing     3 3 
Pull system/Kanban     4 4 
Re- engineered production process     5 4 
Visual Status Displays     3 3 
Skills Training Matrix     3 4 
Self Directed Work Teams     6 5 
Information Flow Management System     6 8 
Quick Changeover     5 5 
Bottleneck removal     3 3 
New process or equipment 
technologies 
    5 6 
Inventory Management system     6 6 
Use of EDI with suppliers     5 5 
Statistical process control (SPC)     4 3 
Safety-improvement programs     3 3 
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Step 3: Calculate the cost of each lean initiative 
The cost components are given in the Tab. 02. Three types of cost 
are considered for the implementation of an initiative: engineering 
cost and investment cost. These costs are assigned in the form of 
cost units and are representative of relative complexity in design 
and manufacturing, initial cost, level of implementation, time 
required to implementation. In this study, we consider 50 units as 
engineering budget and 35 units as investment cost constraint. 
Step 4: Calculate performance value index of a lean strategy in the 
system 
Each performance criteria has a reason to be considered in a 
manufacturing environment. Inasmuch as it is impossible to predict 
exactly how manufacturing performance metrics will improve due 
to implementation of lean initiatives, it is still essential to estimate 
performance improvements over time. Having some sense of 
improvements provides the necessary motivation for companies to 
follow through with their lean manufacturing initiatives in order to 
reap the full benefits of a more discipline manufacturing 
management system. In this study, if manufacturer desire is 
mapped to more than one lean initiative, they share the overall 
level of perceived value. For example, kth performance metric is 
mapped to ith and jth lean initiatives. Any perceived value change 
associated with kth desire comes from both these lean strategies: 
   ∑       ∑ ∑   
 
     
 
     
 
        (  )  
Step 5: Find a solution using a model 
The model is solved for maximizing the perceived value of 
performance parameters and Fig. 01 is used to finding the optimum 
solution for manufacturer needs. Desires along with appropriate 
lean strategies are selected and reported in the next section within 
the given set of constraints. 
4 DISCUSSION 
We used Mat Lab to introduce logical (if-then-else) constraints and 
static lean tools–performance correlation matrix. Mat Lab is also 
used to solve the model, which got 56 different combinations 
within the budgetary constraints (Tab. 03 in the Appendix). 
In excel, it takes a long time to solve the problem. Also using excel 
it is not possible to get all combinations at one time. But our target 
is to maximize the manufacturer perceived value within the 
budgetary constraints. As a result, model based decision support 
system selected four performance criteria out of 10 as given in 
Tab. 03. This selection is purely based on maximizing the 
manufacturer perceived value, while satisfying the given set of cost 
constraints. Different costs units used as constraints are 
representative measures of the budgetary constraints imposed on 
the program as target cost of the desired performance criteria. This 
system can be used to make decisions in special situations, when 
the objective is not only to maximize the perceived value but also 
to drive the decision based on policies. One of these policies is 
described in the following part of the study. 
4.1 Selection of most important desire  
Some of the performances are basis for all other performance in a 
system. In this study, ‗‗Process Throughput‘‘ (P1) is a principle 
performance criteria. Therefore, we need to make sure that this 
performance metric appears in the solution before any other 
function shows up. Despite the fact that this performance metric 
does not bring the maximum perceived value at minimum cost, we 
still wanted to make sure that we include it in final solution (Tab. 
03). It gives perceived as 25 units. Once the first desire is forced 
into the solution using P1>Pi constraints, it brings in some lean 
initiatives, which now participate in the change. Once a set of 
desire is selected, other strategies, which share some of these 
desires, are easy to bring in because value addition through these 
strategies is at no additional cost. 
5 CONCLUSION 
Selection of manufacturing improvement areas along with proper 
tools is always a big challenge in the corporate world. Moreover, 
with the given set of budgetary constraints, it is important to 
maximize the benefits of change. In this paper a mathematical 
model is presented for the estimating manufacturer perceived value 
and a step-by-step methodology is provided to select appropriate 
lean strategy to achieve most important performance metrics with 
minimum costs. With the help of a mathematical model and logical 
binary integer optimization model, we presented the concepts and 
systematic methodology for maximizing the benefits of the lean 
implementation in terms of the manufacturer perceived value 
within the given set of constraints. In all practical cases, it is 
important to identify the most important performance metrics and 
selection of proper strategy to improve these metrics within the 
limitations. With the help of a case study, we provided a step-by-
step method to support decision making for choosing the most 
important performance metrics while maximizing the perceived 
value. Future studies may consider the other budgetary constraints 
such as risk cost, and maintenance cost etc. Future research can 
consider unit cost as dollar value. It is expected that concepts 
generated from this research would make a significant contribution 
to the selection of appropriate lean tools in manufacturing organizations. 
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APPENDIX 
TABLE 03: All possible best solution 
Objective function Per- 
ceived 
Value P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
0 0 0 0 0 0 1 0 0 0 4 
0 0 0 0 0 0 0 0 1 0 5 
0 0 0 0 0 0 0 1 0 0 5 
0 0 0 0 0 1 0 0 0 0 5 
0 0 0 1 0 0 0 0 0 0 6 
0 0 1 0 0 0 0 0 0 0 7 
0 0 0 0 0 0 0 0 0 1 8 
0 1 0 0 0 0 0 0 0 0 8 
0 0 0 0 0 0 1 0 1 0 9 
0 0 0 0 0 0 1 1 0 0 9 
1 0 0 0 0 0 0 0 0 0 9 
0 0 0 0 0 0 0 1 1 0 10 
0 0 0 0 0 1 0 1 0 0 10 
0 0 0 1 0 0 0 1 0 0 11 
0 0 0 1 0 1 0 0 0 0 11 
0 0 1 0 0 0 1 0 0 0 11 
0 0 0 0 0 0 1 0 0 1 12 
0 0 1 0 0 0 0 0 1 0 12 
0 0 1 0 0 0 0 1 0 0 12 
0 0 1 0 0 1 0 0 0 0 12 
0 0 0 0 0 0 0 0 1 1 13 
0 0 0 0 0 0 0 1 0 1 13 
 0 0 1 1 0 0 0 0 0 0 13 
0 1 0 0 0 0 0 0 1 0 13 
0 1 0 0 0 0 0 1 0 0 13 
0 0 0 0 0 0 1 1 1 0 14 
0 0 0 1 0 0 0 0 0 1 14 
1 0 0 0 0 0 0 0 1 0 14 
           
           
           
           
Objective function Per- 
ceived 
Value P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
1 0 0 0 0 0 0 1 0 0 14 
0 0 0 0 1 0 0 0 0 0 15 
0 0 1 0 0 0 0 0 0 1 15 
1 0 0 0 1 0 0 0 0 0 15 
0 1 0 0 0 0 0 0 0 1 16 
0 0 0 0 0 0 1 0 1 1 17 
1 0 0 0 0 0 0 0 0 1 17 
1 1 0 0 0 0 0 0 0 0 17 
0 0 0 0 0 0 0 1 1 1 18 
0 0 0 0 1 0 1 0 0 0 19 
0 0 0 0 1 0 0 0 1 0 20 
0 0 0 0 1 0 0 1 0 0 20 
1 0 0 0 1 0 0 0 1 0 20 
1 0 0 0 1 0 0 1 0 0 20 
0 1 0 0 0 0 0 0 1 1 21 
0 0 1 0 1 0 0 0 0 0 22 
1 0 0 0 0 0 0 0 1 1 22 
1 0 0 0 0 0 0 1 0 1 22 
0 0 0 0 1 0 0 0 0 1 23 
0 1 0 0 1 0 0 0 0 0 23 
1 0 0 0 1 0 0 0 0 1 23 
1 1 0 0 1 0 0 0 0 0 23 
1 1 0 0 0 0 0 0 0 1 25 
0 0 0 0 1 0 1 0 0 1 27 
0 0 0 0 1 0 0 0 1 1 28 
0 0 0 0 1 0 0 1 0 1 28 
0 1 0 0 1 0 0 0 0 1 31 
1 1 0 0 1 0 0 0 0 1 31 
 
